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ABSTRACT 
The present surface geology of the Copper Basin, Idaho, is 
largely the product of three late Quaternary Glaciations.    A 
fourth, older, glaciation may be related to a single exposure of 
an elevated bedded gravel, but at this point the evidence is in- 
conclusive.    The deposits of the three glaciations clearly in 
evidence are tentatively correlated with the Bull Lake (oldest), 
Pinedale (middle), and Neoglacial  (youngest) Glaciations of the 
Wind River Mountains, Wyoming (Richmond, 1973).    Arcuate terminal 
moraines sourcing well preserved terrace sets indicate that the 
Bull Lake Glaciation consisted of a single stade, the Pinedale 
Glaciation consisted of four stades, and the Neoglacial of an 
undetermined number of intervals. 
Differentiation of complex lobal affinities and cross-cutt- 
ing relationships between the thirteen valley glaciers which 
developed during the three late Quaternary Glaciations can be 
clearly delineated from the combined analyses of morainic   mor- 
phologic character, strati graphic associations, and detailed 
provenance investigations (Pasquini). 
Quantitative measurements of weathering features on surface 
eratics covering the glacial deposits are of limited use in the 
distinction of deposits on a local  level, and meaningless in the 
development of basin wide age correlations. 
Although clearly different!'able on morphologic properties, 
the till of the Pinedale and Bull Lake moraines in the basin 
cannot be differentiated on the basis of pedologic development. 
Strong clay mineral alteration are occuring within the 
soils developed in the basin, but show no consistent relationship 
to the apparent age of the soil.    Illlte dominates surface hori- 
zons, forming from the mechanical breakdown of free soil micas, 
and 1s apparently altering to Montmorillonite at depth 1n a 
poorly leached cation rich environment.    Key words:    Quaternary, 
Bull Lake, Pinedale, Neoglaoial,  morphology,  stratigraphy, ped- 
ology. 
INTRODUCTION 
Objectives 
The Copper Basin, Idaho, is an area uniquely suited to the 
study of a large number of diverse geologic subjects. The intent 
of this work is to focus attention on but one of those topics; 
the glacial geology of the area. The investigation is twofold 
1n nature. First, to locate and map all glacial deposits in the 
basin and correlate them with the current Rocky Mountain glacial 
model as presented by Mears (1974). Second, to conduct detailed 
investigations of the usefulness of a number of quantitative 
parameters as tools for differentiation of those deposits. In 
particular, this second phase will focus attention on field and 
laboratory analyses of textural and clay mineral variations 
found within relict soils developed on the glacial deposits. 
Location and Geomorphic Environment 
The Copper Basin is a small (400 km^) intermontane basin 
located in South-Central Idaho (Fig. 1). The basin separates the 
White Knob and Pioneer Mountains of Custer County, and lies approx- 
imately equidistant (32 km) from the metropoli of Arco, and 
Ketchum, Idaho; on the southeast and northwest respectively. The 
maximum relief in the basin is approximately 1300 m (4250 ft.). 
The lowest point, 2300 m (7540 ft.), is along the east fork of 
the Big Lost River at the distal end of the basin, with elevations 
113  30 
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Fiqure  1.    Location map of the Copper Basin,  Idaho.    Stippled area 
marks approximate boundaries of the basin drainaoe as shown in 
Finure 2. 
rising to a maximum of 3600 m (11,800 ft.) along the northwest 
rim of the basin. Sixteen major canyons encircle the basin, 
forming the headwaters of the east fork of Big Lost River (Fig. 
2). 
The geomorphlc origin of the basin is not positively known. 
Post-Challis block faulting 1s the general concensus of previous 
workers (Sweeney, 1957; Nelson and Ross, 1969). Possibly this 
faulting was the result of isostatic adjustment due to the de- 
pression of the adjacent Snake River Lava Plains that began in 
OUgocene times. Studies centered in central Idaho (Schmidt 
and Mackin, 1970), indicate that recent faulting has occurred 
1n that area and may still be active in other areas of Idaho. 
Bedrock Geology 
The oldest rocks outcropping in the basin are elastics of 
the Upper Paleozoic Copper Basin Group (Paull, et al., 1972) 
and its correlatives. These units are part of a sequence found 
throughout south central Idaho, and are the result of deposition 
Into a rapidly subsiding, narrow, eugeosynclinal trough that was 
bounded on either side by contributing environments. Units of 
the Copper Basin Group (Fig. 3) reflect deposition from western 
sources while the White Knob Limestone is considered to be a 
shallow water limestone sourced from the stable craton to the 
east. This period of deposition is commonly associated with the 
Late Devonian Antler Orogeny (Nelson and Ross, 1969). Eleven 
miles to the Northeast, marine carbonates of Devonian age are 
Figure 2. Major drainages of the Copper Basin, Idaho. Area roughly 
corresponds to the stippled area in Figure 1. 
Figure 3.    Generalized bedrock neology of the Copper 
Basin,  Idaho; modified from Frv/in,  1972;  Paull, et. 
al.,  1972; Rothwell,  1973; and Volkmann,  1972. 
Individual  Rock Strati graphic Units  are grouped 
together on the basis of gross  litholoqy for this 
generalized maD. 
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Figure 3 (cont.) Generalized bedrock geology of the Copper Basin, 
Idaho (after Pasquini, 1976). 
exposed, and therefore it is generally assumed that rocks of 
Devonian and almost surely Ordovician and Silurian ages, are also 
present in the area but not exposed (Nelson and Ross, 1969). 
Pulses in the Antler Orogeny are recorded by the quartzite 
and conglomerate interbeds found in the Mississippian Milligen 
and Pennsylvanian Muldoon Canyon Formations.    Chert clasts in 
these interbeds have been traced to a source area west of the 
basin (Paull, 1974, personal communication), indicating a western 
source for the basin's elastics.    Additional  conglomerate lenses 
in the Pennsylvanian White Knob Limestone reflect the interaction 
of this clastic deposition from the west and carbonate deposition 
from the east.    Overlying these beds, a strong orogenic pulse is 
recorded in the Pennsylvanian Brockie Lake conglomerate while the 
argillaceous Iron Bog Creek Formation (Pa.) is indicative of a 
period of relative quiescense. 
Following the deposition of the Paleozoic sequences the area 
was exposed to a period of protracted erosion which evidently 
continued into the Laramide Orogeny of Late Mesozoic times.    It 
was during the Laramide Orogeny that the Idaho Batholith was 
implaced to the Northwest.    No igneous rocks of this age are ex- 
posed in the Basin but its effects were surely felt in the Basin 
(Nelson and Ross, 1969). 
The next event recorded in the area was the deposition of 
early Tertiary Challis Volcanics and implacement of several stock 
sized plutons.    Volcanism deposited as much as 1524 m (5,000 ft.) 
of ChalHs Volcanics, burying the 610 m (2,000 ft.) of relief 
created by the Mesozoic deformation (Erwin, 1972).    Implacement 
of the plutons accompanied these volcanics, and may have in some 
cases sourced them (Volkmann, 1973).    Erosion has been the dom- 
inant gradational force since Late Tertiary times.    The Eocene 
fanglomerate (Smiley Creek conglomerate) was deposited as allu- 
vial fan complexes during this eroslonal period, as 1s evidenced 
by cobbles of Paleozoic elastics and Tertiary igneous rocks with- 
in this unit. ,i., 
Extensive eroslonal  and depositional glacial landforms dom- 
inate the present surface geology of the basin.    Glaciers were 
sourced in favorably oriented multiple cirques in the proximal 
portions of tributary canyons and coalesced into Piedmont com- 
plexes on the basin floor.    Extensive lateral and terminal moraines, 
multiple terrace sets, and numerous ice scour features suggest at 
least three major glacial advances during this interval. 
10 
PREVIOUS WORK 
Rocky Mountain Region 
The currently accepted Rocky Mountain glacial model (Table 
1) and associated nomenclature and dates (Mears, 1974) has devel- 
oped over the past century. The model is, and must be dynamic. 
Most recent investigations, including this study, of glacial 
activities in the Rocky Mountains utilize this model to facili- 
tate regional correlations and avoid the generation of excessive 
nomenclature. To understand the current status of this strati- 
graphic nomenclature (Table 1) it is necessary to trace the 
evolution of this model from its inception to its current state. 
The first analyses and discussions of glaciation in the 
Rocky Mountains were conducted in the late 18th Century. Quali- 
tative discussion of glacial deposits were presented by numerous 
early workers (Hill, 1884; Salisbury and Blackwelder, 1903; 
Alden, 1912; and Hershey, 1912). One of the first definitive 
studies was the classic work by Blackwelder (1915). On the basis 
of his work in the Wind River Mountains of Wyoming, Blackwelder 
advocated the presence of three major Rocky Mountain Glaciations. 
Relying on stratigraphic and morphologic relationships he pro- 
posed terminology for the three major stages as: Buffalo (oldest), 
Bull Lake and Pinedale (youngest) glaciations. Naming them for 
their type localities at the Buffalo Fork of the Snake River and 
Bull and Fremont (Pinedale) lakes of the Wind River Mountains. 
11 
* C 
(0 C 
Z 
< 
M 8> 
on ff 1 ._ 
ui Ifl o •«• 
5 i (/} 
-o c 
_ 
E 
X 
o 
E 
cC u s 
CO 
> 
0 Q c 
™      «• < (Q o 
c     i: at o (A o 
=> s s o o q 6 
u      >. UI o » 
U 
«c     ^ fit 
s «? 
UJ 
£ 
*i      «• at             a> 
O      0 0)     a)      oi 
£    E c a      Si    " 
c 
.5 * 
0)    Ol 
c  n 
o ** 
O  (/) 
(0 
</>   2   «> 
Ti
m
* 
A
pp
ro
i 
O O) 
O <0 O (A 
c 
c    (/)     c 
.5    c     5 
O        (0         M c      »      « 
—     a    .o 
£ i o ■-*    tt     « 
a 
z O 
z 
u 
a 
E 
a 
c 
a 
z 
o 
o 
o 
°   s 
2     ° 0"    V 
0 
c 
0 is 
2S 
go 2 ° 
.9 
(/> 
_      o 
o      2      ° o      2      o 
°.      °-     o 
o       o      o 
o 2        o CM    O ■o E 
<N o m       m       in CN              K              ^_" 
0 
u. 
uoAuD3-did 
w 
.si • ■o 0 • -S o     2 
• — 
-o        0 
• 
0 
• 
0 
t/1 
• 
0) 
Cftt 
X 
X 
X 
X 
M 
X 
r 
< 
S    .1 
-o         0 ■ 
o S 
E   0» t '5 jt M o • 0 • 0 0 5 it 
0 
• 
* 
0 
• 
ft 0          1 
-o        0 
C
lii
 
ra
ti
 
ts
 
• 
0 
CO 
0 
• 
a. 
• 
2      ° 
3 
• 
-8 
D 
-0          UJ 
i • 0 
—i UI 
• 
0 
0> 
0 
V 0 
1/1 
0 
• ft. 
X 
U           0 
lo
gi
c 
, 
o
il 
St
 
U
ni
 
: 
ft 
0 
*• 
• 
c 
c 
0 
O 
<      * 
»— 
• 
c 
0 
"5 a 
e 
"3 
M 
X 
X 
X 
o l/» c u a. a. a. 
• I w
 e 
0 
a NOI1VIDV10 NOUVIDVIO NOIIVIDVIO 
1 
NOUVDVIOOIN 
31VQ3Nld axvinna axvi iins-iud 
s_ 
O 
O 
T3 
C 
<TJ 
, , . 
c ^-^ 
b lO 
3 r^. 
^— en 
O r— 
u 
 
+J • 
ll- r— 
CU tO 
r— 
^_^ • 
+J 
01 aj 
•r— 
t/1 A 
0) <U 
x: t.J 
4-> L. 
O) 
to •^ 
•r™ a. 
JC 
4-> ■a 
C   ro 
T3 C\J 
aj r^ 
10 CTi 
Zl p— 
^.^ 
a) 
i- -a 
3 c 
+J o 
ITJ F 
i— 
-C 
U u 
c •r— 
a; c; 
E O <+- 
c O 
o 10 
•r- a> 
_c~ C71 
CL rt3 
(O 
t. 0) 
OIJC 
•r- ■M 
■•-» 
(C -c- 
s- 4J 
+J •^ 
oo 3 
c 
• o 
a; <a 
JD a; 
12 
Blackwelder suggested the possibility of two stades to his very 
old Buffalo glaciation.    The occurrence of Buffalo till on ridges 
and topographic divides led him to postulate a "pre-canyon" age 
for this glacial event which he roughly correlated with the "pre- 
Wisconsinan" (Illinoian or Kansan; Mears, 1974)  glaciations of 
the midwest glacial model.    He further proposed that the Bull Lake 
and Pinedale morainic complexes represented major glacial  inter- 
vals of Wisconsinan stage, and that each glaciation was character- 
ized by two minor stades. 
Numerous workers, (Richmond, 1948; Moss, 1951a and b; Holmes 
and Moss, 1955) conducted further studies in the Wind River Moun- 
tains which in general, reinforced Blackwelder's conclusions. 
Richmond (1948)  agreed with Blackwelder's conclusion that the 
Buffalo till consisted of at least two separate advances, and 
reported the presence of a third Pinedale stade.    Additional work 
by Richmond (1957, 1962a and b, 1964a and b, 1973) documented the 
presence of two and possibly three distinct episodes of Buffalo 
glaciation.    In light of these developments, Richmond suggested 
that the term "Buffalo" be replaced by a more appropriate "Pre- 
Bull  Lake" designation.    In the Wind River Mountains, Richmond 
(1964a) applied the terms "Sacajawea Ridge"  (youngest), "Cedar 
Ridge", and "Wakasha Point"  (oldest) to the three pre-Bull Lake 
glaciations evident in the area.    Richmond found that the Saca- 
gawea Ridge till  represented a post-canyon glacial phase which ex- 
tended further from source areas than any other Quaternary glacia- 
13 
tion.    He also determined that the gravels and fine alluvium 
of the Cedar Ridge glaciation or its ensuing interglacial 
episode contained one of several  Pearlette-like volcanic ashes, 
indicating a tentative age equivalence with the Kansan or 
Yarmouthian events of the midwest. 
The combined works of the forementioned investigators estab- 
lished the glacial model  for the Pinedale and older glaciations 
as it stands today (Table 1).    Recent additions to this model  are 
primarily concerned with establishing absolute dates for these 
glaciations as discussed later in this section. 
Several minor glacial  readvances have occurred in the Rocky 
Mountain region since the last Pinedale stade.    Our understanding 
of these latest glacial  events has developed almost entirely with- 
in the last 25 years and is still  very much in a state of change. 
The mechanics of glacial  activity during this latest episode were 
essentially the same as their Pinedale and Bull Lake predecessors, 
however total'ice volumes were sufficiently lessened that these 
young deposits are distinctly different than those generated by 
earlier advances. 
Moss (1951a and b)  conducted extensive studies of post-Pine- 
dale glaciation.    He verified the location of small but distinct 
moraines in close proximity to, or actually within, cirques which 
previously had been termed "Temple Lake" by Hack (1943).    Moss 
further detected the presence of fresh or slightly weathered morai- 
nic deposits and protalus ramparts of a nature similar to the pro- 
14 
ducts of the "Little Ice Age" described by Matthes  (1939, 1942), 
and suggested the term "Neoglacial" for these young deposits. 
Neoglaciation was formerly defined by Porter and Denton (1967) 
as a geologic climate unit "characterized by rebirth and/or 
growth of glaciers following maximum shrinkage during the hypsi- 
thermal interval".    Investigations by numerous workers (Benedict, 
1968; Birkeland, et al., 1971; Madole, 1972; Mahaney, 1972a and b 
and 1973a and b; Miller et al., 1974), have led to the subdivi- 
sion of Neoglacial glaciation in the Rocky Mountains into three 
primary stades:    Triple Lakes (3100-2800 BP.); Audubon (1800-1000 
BP.); and Gannett Peak (300-100 BP.).    The original Temple Lake 
moraine (Hack, 1943) was carefully re-investigated by Moss (1951a 
and b), the result of which led him to suggest a pre-Altithermal 
age for Temple Lake activity.    Subsequent radiometric studies 
(Curry, 1974) verify this suggestion.    The original Temple Lake 
moraine is pre-altithermal in age, and therefore not of neoglaciafl 
age. 
The ages assigned to the various neoglacial stades  (Table 1) 
have been derived from numerous and well documented radiometric 
dates.    Unfortunately, reliable dates are generally lacking for 
all other Quaternary glaciations, and modern developments have 
brought all Pinedale and older dates under much controversy. 
Until  recently, dates for Bull Lake and Pinedale events were 
few and indirect.    None were from actual tills.    Richmond (1965) 
tentatively bracketed Bull Lake glaciation between 70,000 and 
15 
30,000 BP. and suggested 25000-6500 years BP.  for Pinedale glacia- 
tion.    The end of the Pinedale (7,280 BP.  at lower elevations and 
6,190 BP. in higher regions) was based on several  radiocarbon 
dates presented by various authors.    The duration of the Bull Lake 
glaciation was based on dates derived from possible Bull Lake 
flood gravels from Lake Bonneville, Utah, which interfingered with 
a peat bog (greater than 42,000 BP.) and an overlying terrace de- 
posit (about 29,000 BP.).    Pinedale limits were assessed on the 
basis of interfingering till and lacustrine deposits of Lake 
Bonneville at the mouth of the Little Cottonwood Canyon where 
radiocarbon dates ranging from 25,400 to 11,300 BP. were correlated 
with early and middle Pinedale stages.    The United States geological 
survey's Yellowstone Park Project yielded the first fairly solid 
dates for Pleistocene events in Wyoming.    As a consequence of this 
work, Richmond (1972; Table 1) modified his Bull Lake and Pinedale 
age ranges.    He then considered early Bull Lake glaciation as span- 
ning 125,000 to 105,000 years BP. and late Bull Lake as 105,000 to 
85,000 years BP.    Pinedale ages were adjusted to younger than 29,000 
years BP., and modified again (1973, INQUA presentation in New 
Zealand) to younger than 40,000 years BP.    Richmond based these 
figures on several potassium-argon (K-Ar) dates obtained from lava 
flows and their relationships with Bull Lake and Pinedale tills. 
Pierce, Obradovich, and Friedman (1974, 1976; Table 1) chal- 
lenge Richmond's age assignments.    From their finding on the 
Yellowstone Project, they suggest that Bull Lake moraines near 
16 
West Yellowstone are of late Illinolan age and that the Pinedale 
period spanned much or all of the Wisconsinan period of the mid- 
continent.    Their findings are based on K-Ar and obsidian hydra- 
tlon dating of rhyolite flows.    Their findings stand in obvious 
disagreement with Richmond's results and the disagreement has 
not as yet been resolved.    However, as Mears (1974) points out, 
even though the Yellowstone area has yielded numerous "solid" 
dates, their applicability to the remainder of the Rocky Moun- 
tains may be somewhat questionable.    Ice in the Yellowstone area 
advanced as a piedmont glacier over a structurally and volcani- 
cally active area.    Topographic controls influencing Bull Lake 
and Pinedale ice fronts were not the same and the ice moved 1n 
different directions.    As a result, the Yellowstone sequence may 
be much different than most other areas of the Rockies and the 
regional  applicability of a well-dated Yellowstone chronology to 
Rocky Mountain valley glacial sequences remains somewhat question- 
able. 
Clearly, developments to the entire Rocky Mountain sequence 
are far from complete.    No single study area seems to hold all 
the answers, and any solid contributions are sorely needed. 
Copper Basin and Adjacent Areas 
Numerous publications include mention of remnants of past 
glacifll activity within the state of Idaho.    Generally these dis- 
cussions are associated with surveys of secondary mineralization 
and regional geologic mapping projects (Capps, 1940; Ross, 1934, 
17 
1937; Stearns et al.,  1938; and Cook, 1956).    Specific studies of 
glacial deposits in Idaho are few in number and generally prelim- 
inary.    Investigations were conducted in the region of central 
Idaho (Ross, 1929), in the Coeur d'Alene District of northern 
Idaho (Dort, 1960a, 1962), the Stanley Basin, (Williams, 1961) 
and in the southern Lemhi  Mountains (Dort,  1960b; Knoll  and Dort, 
1973).    Knoll  and Dort (1973)  proposed a Quaternary sequence con- 
sisting of a 2-stadial  Pre-Bull  Lake Glaciation followed by; 3 
stades of Bull  Lake activity, 8 stades of Pinedale Glaciation, 
and ending with 5 Neoglacial stades.    The most important implica- 
tion of these findings is that detailed studies of the southern 
Lemhi's and possibly adjacent mountain ranges, may realize the 
existence of a more complicated glacial sequence than previously 
thought to exist in other areas of the Rockies.    This is one of 
the reasons for proposing a detailed study of the Copper Basin 
area. 
The Copper Basin area first received geologic attention in 
connectidfrwith the various mining industries present in the basin 
and surrounding areas.    The main interest was centered around 
investigations of the replacement mineralization associated with 
the Tertiary intrusions,  (Farwell  and Full, 1944; Ross, 1937; 
Sweeney, 1957; Umbleby et al., 1930) and Paleozoic sedimentary 
facies changes (Paull, et al., 1972; Erwin, 1972; Volkmann, 1970; 
and Rothwell, 1974).    Sweeney studied the complete geologic his- 
tory of the area and briefly addressed the topic of glacial 
18 
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activity within the Basin as did the later works of Nelson and 
Ross (1969), Erwin (1973), and Rothwell (1974). 
Nelson and Ross (1969) conducted the most thorough survey 
of glacial features in the area. They mapped and described two 
tills which were inferred to be of Pinedale and Bull Lake age, 
however these deposits were mapped (scale 1:62,500) only in a 
most generalized manner. 
Preliminary reconaissance (Evenson, personal communication, 
1974) confirmed the presence of the "Bull Lake" and "Pinedale" 
tills of Nelson and Ross (1969), as well as numerous Neoglacial 
deposits, a post Pinedale volcanic ash of undetermined age, a 
single exposure of an older elevated outwash sequence,and two 
well preserved lacustrine deposits. Together these features 
suggest an active and well preserved history of glaciation in 
the Copper Basin; the study of which could provide major contri- 
butions to further understanding of the classic Rocky Mountain 
Quaternary glacial sequence. 
19 
METHODS 
Field Work 
Preliminary mapping of surface deposits, based on morpholo- 
gic properties of the glacial deposits of the basin, was con- 
ducted using U.S. Soil Conservation Service air photos (Scale 
1:20,000). Subsequent detailed mapping and extensive field in- 
vestigation was conducted over a two month period: June 26 - 
August 25, 1975. Morphologically distinct units were mapped on 
the basis of; 
1) Cross cutting and over-riding relationships 
2) Down valley position of moraine deposits 
3) Relationship of moraines to terraces 
4) Weathered appearance of surface boulders; 
percentage of fresh vs. weathered boulders, 
percent boulders pitted, maximum pitting 
depth, presence and depth of weathered rind 
and, 
5) Surficial morainic expression; degree of 
kettle dissection and filling. 
At 19 selected localities (Plate 1), pits were excavated on 
moraine crests for the purpose of detailed analyses of the soil 
and weathering characteristics of the Bull Lake and Pinedale 
tills within the basin. The following observations and/or measure- 
ments were made at each site; 
1) Occurrence, depth, thickness, and character of 
soil horizons 
2) Textural appearance and compactness of "B" 
horizon 
3) Color (Munsell) of each horizon 
4) Soil structure (blocky, granular, etc.) and, 
5) Percentage of rotten boulders in "B" horizon 
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1000 gram samples were collected from the middle of the textural 
"A" horizon, at the textural "A"/"B" contact and at 15 cm inter- 
vals down to the Cca, or Cox horizon 1f no carbonate was present. 
Replicate samples were collected from two pits (BLE-2, PW-1) to 
provide control on local variability. "Unweathered" samples 
from the bottom of four pits (BLE-1, PE-4, PW-1, MC-3) were sam- 
pled to analyze the composition of the unweathered till. A 
total of 121 samples were recovered, from 19 soil test pits, for 
subsequent laboratory analysis. 
Laboratory Analysis 
Pretreatment 
Each field sample was homogenized and reduced, by mechanical 
splitting, to approximately 20 g. Organic material was removed 
by treatment with hydrogen peroxide (Jackson, 1956). Sediments 
containing carbonate were further treated with sodium acetate 
(Jackson, 1956) in preparation for size analysis. 
Sand (0 to 4 0), silt (4 to 8 0), and clay (< 8 0) fractions 
of pretreated samples were determined by sieving (Ingram, 1971), 
followed by pipette (Galehouse, 1971) analysis in a constant temper- 
ature bath. Upon resuspension, 250 ml aliquots were taken from each 
sedimentation tube for subsequent clay mineral determinations. As 
will be discussed later, gross sand, silt, clay percentages may have 
been Insensitive to minor textural changes occurring between samples, 
To evaluate this supposition complete (0 to < 11 0 at 1 0 intervals) 
size analyses were run on 26 samples (profiles BLE-2B, BLW-2, PE-5, 
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PW-3)  using the same sieve and pipette techniques.    Tabulated 
results of all size analysis are given in Appendix II and III. 
Sand, silt, clay ratios were also utilized in the textural 
classification of the individual soil horizons (see Appendix I). 
Clay Mineral Analysis 
Pretreatment 
The clay (< 8 0) fraction was separated from the silt frac- 
tion (contained in each 250 ml aliquot), by replicate centrifu- 
gation and decantation (Jackson, 1956).    The carbonate and or- 
ganic free clays were then freed of amorphous iron and manganese 
by the sodium dithionate-sodium citrate extraction technique of 
Mehra and Jackson (1960).    Final dispersion and clean-up of the 
clays in a sodium saturated environment was conducted according 
to the methods of Heath (1968). 
Slide Preparation 
Oriented, glass mounted slides of the (<2\i) fraction were 
prepared by the filter-membrane peel technique of Drever (1973). 
All slides were glycolated prior to X-ray analysis according to 
the methods of Brunton (1955). 
X-ray Diffraction 
The samples were X-rayed from 2° to 14°    20, on a standard 
Norelco wide angle X-ray diffractometer using high intensity 
nickel  filtered copper ««. radiation @ KV and 40 ma, and a scintil- 
lation counter for detection.    Scanning speed was 1/2°    20 per 
minute; coupled with a chart speed of 1/2 Inch per minute, to 
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provide 1°    20 per inch printout of all samples.    A constant 
area of sample was exposed to the X-ray beam, with sealer and 
rate meter adjustments to maximize peak areas for each record. 
Semi-Quantitative Determination of Relative Clay Mineral Composi- 
tions 
In studying the clay mineral assemblages of the Copper Basin 
soils, the Intent was to attempt to establish a quantitative 
means of differentiating those soils.    To this end, attention was 
focused not on the complete suite of clay minerals present or 
their actual abundance, but rather in the relative abundances of 
several easily indentifiable clay species.    A total of 121 sam- 
ples were X-rayed solely in a glycolated state.    Ten of the 121 
samples, selected as those which best explified the various com- 
binations of mineral species within all samples, were also X- 
rayed 1n an untreated (air dry) state, and again after heating 
to 550°C for two hours.    The purpose of X-raying the 121 samples 
was to analyze relative changes in four easily identifiable gly- 
colated peaks.    The purpose of the ten "complete" samples was to 
permit the attachment of a name to each of the four peaks (see 
Fig. 4). 
IIlite was identified by a sharp symmetrical peak, between 
9.4A* and 9.8A (Fig. 4), that was not effected by glycolation or 
heating. Illite is used in a broad sense to include all "mica" 
groups, as no attempts were made to distinguish polymorphs. 
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UNTREATED 
GLYCOLATED 
2   HRS.   AT 
550 °C 
—i 1 1        i— 
12.6       9.0        6.6    5.5 
DEGREES   29 
Figure 4.    Examples of Diagnostic, Na Saturated X-ray Diffractograms. 
C, Chlorite;  I,  Illite; K/C, Kaolinite and Chlorite; M, Montmorillonite; 
Mx, Mixed. 
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Chlorite displayed a sharp peak between 13.0 and 13.4A in 
both a glycolated and heated state. Chlorite was probably mixed 
with Montmorillonite (Biscaye, 1964) to form a mixed peak around 
11.3A in the untreated state. 
Montmorillonite showed one or more broad peaks between 
13.4A and 15.2A*. These peaks expanded to 15.5A* upon glycola- 
o 
tion and collapsed to 11.2A upon heating to 550° for 2 hours 
(Fig. 4). 
o 
A mixed Kaol1n1te-Chlorite group diffracted at 7A in both an 
untreated and glycolated state with Kaolinite disappearing upon 
heating. 
Relative concentrations of the four clay mineral species 
were determined by measuring areas under appropriate peaks (above 
an inferred background level) with a polar planimeter.    Two 
measurements were made for each sample, with the mean taken as 
the peak area.    The abundance of each clay mineral present was 
expressed as a simple percentage of the total clay composition. 
Weighted factors (Biscaye, 1965) were not used.    As stated pre- 
viously, primary interest was in relative changes between the 
four clay species, and not on the actual abundances of those 
species.    Tabulated compositions are given in Appendix II. 
Statistical Treatments 
The search for quantitative parameters useful in the differ- 
entiation of till units was based on statistical analyses of all 
data generated from field and laboratory results.    121 samples 
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were described by eight variables: 
1) percentage of 5.5A clay (Montmorillonite) 
2) percentage of 6.7A clay (Chlorite) 
3) percentage of 9.0A clay (IIlite) 
4) percentage of 12.5A clay (Kaolinite/Chlorite) 
5) normalized depth of sample* 
6) percentage of sand 
7) percentage of silt 
8) percentage of clay 
*The total depth of soil development was extremely 
variable across the basin.    Soils of similar ages 
were not necessarily developed to the same depth. 
Correlations, whether stratigraphic or statistical, 
would have been eroneous if effected by absolute 
(abs.) depth, so a normalized (norm.) depth term 
defined as; 
dePth(norm) * d<?Pt (aps) 
thickness of B horizon 
was substituted for each absolute sample depth to 
eliminate this problem. 
All data were analyzed by R-mode factor analysis.    Essentially, 
this technique searches the data space for those combinations of 
variables which minimize the error variance throughout the entire 
sample population.    Each combination of variables (factor) accounts 
for a certain percentage of the total sample variance and the pro- 
gram generates additional factors until the collective variances 
exceeds a designated value (80%) or the variance increment accounted 
for is less than 5% of the total variance.    The analysis assigns 
normalized factor coefficients or loadings (0 to + 1.0) to the in- 
dividual  variables comprising each factor, and 1n doing so numer- 
ically Illustrates correlations between variables.    In addition to 
a variable correlation matrix, the R-mode factor analysis also 
generated normalized factor measures for each sample.    These factor 
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measures replace the original data matrix, and are analyzed by 
Q-mode cluster analysis using a distance function as a classi- 
fying criteria to ascertain whether the data defined groups 
that were areally or strati graphically related.    The sequence 
of programs was modified from Parks (1970). 
It should be noted that the use of data from closed number 
systems (relative clay mineral abundance, and size fraction 
percentages)  in a factor analysis may yield spurious results in 
the correlation   matrix   (Chayes, 1960).    The degree to which 
these closed number systems affect the results is probably tem- 
pered by the use of two unrelated systems.    All closed number 
effects were probably removed by drawing final conclusions only 
from the actual data, and not the factor or cluster analysis. 
That 1s, these statistical treatments were not used as end-pro- 
ducts, rather they revealed the significant variable and sample 
site combinations which were then further studied by referring 
back to the actual data. 
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RESULTS AND DISCUSSION 
Introductory Statement 
If it 1s possible to distinguish and map glacial advances 
on the basis of qualitative observations of morphologic and 
strati graphic disimilarities, then 1t seems logical  that there 
must also be certain quantifiable relationships that would also 
reveal these differences.    While the results are by no means 
final, the quantitative parameters selected for investigation 
1n this study do not support differentiation of glacial advances 
In the Copper Basin.    A number of parameters utilized in glacial 
studies of other areas have been shown to be of limited use 1n 
the basin, and although a number of trends have been realized, 
no single parameter applicable to basin wide age distinction has 
been realized.    For this reason, the two phases of this study 
(mapping and laboratory analyses) are not as closely related as 
they might seem.   Therefore, the results and discussion section 
is presented in two distinct parts; separating the qualitative 
and quantitative phases of this research. 
Qualitative Analysis:    Mapping on Morphologic and Strati graphic 
Relationships 
The location and age of all glacial or peri glacial deposits 
mapped 1n the Copper Basin are shown 1n detail on Plate I.    The 
deposits are assigned to the Pre-Bull Lake, Bull Lake, Pinedale, 
and Neogladal Glaciatlons «f the Rocky Mountain model, however 
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these assignments should be regarded as tentative. 
Pre-Bull Lake Deposits 
A small slump scar in the mouth of Broad Canyon (Plate I), 
exposes a high gravel which 1s assigned a Pre-Bull Lake age. 
The gravel 1s 250 m above the present Broad Canyon drainage, 
and consists of large (10-15 cm) well-rounded, bedded cobbles, 
composed primarily of fresh Challis Volcanics (Fig. 5).    A 
distinctive red (2.5 YR 5/6) color is well developed and seems 
to be primarily a product of staining of the sand matrix.    Highly 
altered granitic boulders are also exposed at the top of the 
slump scar, however these do not appear to be strati graphically 
or Hthologlcally related to the gravels.    The altered boulders 
are granitic and are assumed to be part of a Bull Lake till 
sheet veneering the gravels. 
The topographic position of these gravels suggests two 
possible origins; fault control or deposition prior to formation 
of the present drainage system.    Evidence to support any sturc- 
tural control  is lacking, and at this time the latter hypothesis 
1s accepted.    Several workers (Richmond, 1957, 1969a, 1973; 
Knoll and Dort, 1973) have assigned similar elevated outwash 
remnants to the Pre-Bull Lake and it seems probable that this 1s 
the case 1n the Copper Basin. 
Further evidence to support a Pre-Bull Lake Gladatlon in 
the basin was not located.    Drainage divides and elevated flats 
were thoroughly reconnoitered, but 1f Pre-Bull Lake deposits 
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were ever present at any locality 1n the basin other than the 
gravels previously mentioned, they have evidently been removed 
or covered by subsequent activity. 
Bull Lake Deposits 
Till of the Bull Lake Glaciatlon 1s the oldest well pre- 
served glacial deposit that clearly postdates the erosion of 
the deep U-shaped valleys ringing the basin.    Generally, Bull 
Lake till extends 0.5 to 1.0 km. farther down valley than the 
Pinedale terminal moraines (Plate I), although in some areas 
Bull Lake deposits have completely buried by Pinedale advances. 
Remnants of Bull Lake lateral moraines are also present at 
various distances upvalley from terminal moraine positions 
where they have been truncated by Lower Pinedale lateral mor- 
aines (Fig. 6). 
Bull Lake moraines are distinguished from younger deposits 
on the basis of morphology and down valley position.    Moraines 
are large and bulky and well dissected by tributary streams. 
Moraine surfaces are irregular but mature in appearance (Fig.  7). 
Surface depressions are generally filled or breached by drainage 
moderately well  developed on slopes.    Surface boulder frequencies 
are low to moderate, characterized by scattered large (2-4 m) 
boulders with relatively few intermediate (0.5-2 m) sizes. 
Boulder surfaces are well pitted, removing all evidence of ice 
scour features. 
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The areal distribution of the Bull Lake deposits indicates 
that glaciers developed and flowed basinward from three dis- 
tinct areas. The main lobe of ice was sourced primarily from 
Lake, Muldoon, Star Hope, and Broad Canyons. Ice accumulated 
and moved out of upland cirques scouring individual U-shaped 
troughs, coalescing into a single large intermontane glacier 
complex which filled the basin floor to the limit shown on 
Plate I. This massive tongue of ice (herein called Star Hope 
Lobe) moved down valley to the distal portions of the basin, 
terminating in the vicinity of Boone Creek. Laterally, Bull 
Lake ice was contained on the West side of the basin, but ex- 
panded to the East to cover the area of the Copper Basin flats 
and extend up valley into the drainage of Corral Creek. The 
large lateral moraine dominating the topography of the basin 
floor, locally referred to as the Potholes, is composed entirely 
of Bull Lake till on its Eastern flank (Fig. 7 and Plate I). It 
Is of interest to note that the crest of this lateral moraine is 
markedly higher (125 m) than the areas on either side of the 
ridge, and possibly there is some bedrock control underlying the 
Potholes moraine. There are no bedrock exposures along the en- 
tire length of the Potholes, and at this point this hypothesis 
cannot be supported by physical evidence. 
The second region of extensive 1ce activity during the Bull 
Lake Glaciation was the Eastern limb of the Basin (Plate I). 
Valley glaciers sourced in the northeast facing cirques of 
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Figure 6. Remnant of a Bull Lake lateral moraine 
truncated by a younger Pinedale I lateral moraine 
near Ramey Creek flats. Sharp drainage in the fore- 
ground is an abandoned marginal drainage channel 
developed by the Pinedale I ice. 
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Anderson, Smelter, Steve, and Charcoal Canyons, developed into a 
piedmont glacier on the basin floor and blocked the drainage of 
the East fork of the Big Lost River.    Drainage was damned for an 
undetermined period of time, creating two small  lakes.    One in 
the vicinity of the Swamps, and the second immediately North of 
the Springs near Antelope Pass (Plate I).    No glacial activity 
of any age is in evidence in the drainages of valleys entering 
the eastern limb of the basin from the opposite (eastern) side 
of the East fork of the Big Lost River.    Evidently, the basin 
was sufficiently close to the regional limit of glacial activity 
that only favorably oriented cirques (those with North facing 
headwalls) were capable of developing large ice masses. 
These climatic effects are also reflected in the development 
of the Bull Lake glaciers in Corral Creek Canyon; the third main 
area of Bull Lake glacial activity (Plate I).    The Corral Creek 
cirque is favorably oriented towards the North, however the drain- 
age quickly turns to the South-East (Plate I).    Ice moving down- 
valley in this trough would therefore be rapidly effected by cli- 
matic conditions adverse to Its preservation.    The entire Corral 
Creek drainage has been glaciated, but only the upper reaches down 
to the confluence of Corral and Horse Wallow Creeks were affected 
by Corral  Creek ice.    The lower portion of the drainage was reached 
by an upvalley extension of the main (Star Hope Creek)  lobe as 
documented by detailed analyses of surface boulder, pebble and 
heavy mineral provenance (Pasquini, 1976). 
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Morainic deposits indicative of more than a single interval 
of Bull Lake activity anywhere in the basin are lacking. However, 
well preserved multiple terrace sets at 40 m and scattered ter- 
race remnants at 60 m above the present drainage of the Big Lost 
River at the mouth of the basin, may suggest two stades of Bull 
Lake activity. The delineatiation of two stades of Bull Lake 
Glaciation based solely on the position of these scattered rem- 
nants is extremely tenuous and detailed studies will be required 
to investigate this possibility. 
Pinedale Glaciation 
Pinedale age moraines comprise 80% of the glacial deposits 
preserved in the basin. Pinedale deposits are easily distinguished 
on the basis of their striking appearance (Fig. 8). The amount of 
surface relief is considerable (+ 10 m). Moraines are steep and 
sharp crested. Surfaces are rugged and extremely kettled. Depres- 
sions are not breached, and many contain water. Drainage is non- 
existence or poorly developed, and strongly controlled by the 
trend of lateral moraines (Fig. 9). Surface boulder frequencies 
are very high (Fig. 10), encompassing a complete spectrum of sizes. 
Surface boulders appear as highly weathered as their Bull Lake 
equivalents, however subsurface weathering is much less and in 
some cases ice scour features are preserved on protected boulder 
surfaces. 
Pinedale 1ce lobes developed and spread from the same source 
areas as the Bull Lake ice, differing only in volume and distance 
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of ice-stream movement. In most areas, Pinedale deposits are 
completely enclosed by Bull Lake deposits, indicating a maximum 
ice advance during Bull Lake time followed by Pinedale advances 
terminating at successively higher upvalley positions (see 
Plate I). 
Four sets of Pinedale moraines associated with well dev- 
eloped terrace sets constitute the main evidence that Pinedale 
Glaciation in the basin consisted of four distinct stades, 
designated as Pinedale I, II, III, and IV (Plate I) for the 
purposes of this study. The Rocky Mountain glacial model ad- 
vocates the presence of only three stades (Mears, 1974), and 
therefore the Pinedale IV stade mapped in the basin may incor- 
porate deposits more correctly identified as belonging either 
to the Pinedale III or the prealtithermal Temple Lake Glacia- 
tions. However, evidence is lacking to positively identify 
any Temple Lake moraines and because the deposits are clearly 
younger than those mapped as Pinedale III, the use of the 
Pinedale IV designation is maintained. Arcuate trends of minor 
elevated ridges behind each major Pinedale stade suggest that 
each of these stades were influenced by three or more minor 
readvances. This evidence is delineated primarily on the basis 
of stream drainages controlled by these arcuate trends (Fig. 9). 
These trends are obvious in the field and show well on oblique 
air photos, however these changes are extremely subtle and 
their map positions (Plate I) should be regarded as approximate. 
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The mechanics of flow in Pinedale I and II ice were essen- 
tially that of their Bull Lake predecessor. Pinedale I ice was 
not of sufficient volume to cover the Copper Basin flats area, 
however ice did traverse the basin and again extend upvalley 
into the Corral Creek drainage. Elevated deltaic gravels in 
the mouth of the non-glaciated Cabin Creek and Lacustrine depo- 
sits in the Copper Basin flats (Plate I) were probably deposited 
at this time, as a result of the Pinedale ice mass damning the 
East Fork of the Big Lost River. Evidence to support this hypo- 
thesis has been obscured by the extensive outwash aprons depo- 
sited in the Copper Basin flats area by valley glaciers in the 
East limb of the basin and by ice marginal drainage through the 
large gap in the west end of the Copper Basin flats. 
This sharp gap near the mouth of Lake Creek Canyon (Fig. 11) 
is an unusual feature. Two highly dissected lobate moraine rem- 
nants in the gap (Plate I) suggest that small ice tongues flowed 
through this gap during both the Pinedale I and II stades, but 
neither of these lobes can explain the origin of the gap. There 
is approximately 55 m (180 ft.) of relief between the base of 
this gap and the crest of the adjacent Potholes moraine. It seems 
reasonable to expect that the Potholes lateral moraine should 
have been originally deposited as a continuous gently sloping 
linear ridge. Since this is clearly not the case in the vicinity 
of the gap, the situation is quite possibly further evidence to 
support bedrock control underlying the Potholes lateral moraine. 
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Neither the Pinedale I or Pinedale II ice masses which penetrated 
the lobe were of sufficient volume to create the present relief, 
so it seems quite possibly that the gap was originally scu'lptered 
by bedrock controlled ice masses during the Bull Lake Glaciation. 
The large Outwash terrace sets dominating the morphology of 
the north end of the basin (Plate I) were deposited from Pinedale 
I and II ice fronts. Scattered excavations, remnants of past 
mineral explorations, reveal the extremely coarse nature of these 
outwash deposits. In fact, few fine grained outwash or lacus- 
trine sequences are present anywhere in the basin, suggesting 
that the majority of outwash and lacustrine deposits were laid 
down in high energy environments. In most cases, Pinedale I and 
II terrace sets are traceable to their morainic sources and cross- 
cutting relationships between the two intervals are readily dis- 
cernable. Those cases in which these Pinedale I and II associa- 
tions are not apparent occur where Pinedale III ice movements 
have dissected these older deposits. 
Analysis of the area! relationships of Pinedale III deposits 
(Plate I) affords an opportunity for insight into the relative 
contributions of individual valley glaciers to the Star Hope 
Creek lobe. If ice contributions to the Star Hope Creek lobe 
are proportional to the volume of Pinedale III moraines pre- 
served, then it can be assumed that ice from Lake Creek Canyon 
contributed a significantly larger volume of ice than did the 
other contributing elements. That is, ice from Muldoon, Star 
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Hope, Bear, and Broad Canyons did not contribute as much ice to 
the main lobe as did Lake Creek Canyon.    Alternatively, similar 
contributions may have occurred but individual  downvalley posi- 
tions were not necessarily time equivalent and the original  con- 
tributions of the Muldoon, Star Hope, Bear and Broad Canyons 
were buried or altered by subsequent ice movement down Lake 
Creek.    Final mapping (Plate I) is based on the former hypothesis, 
however it should be pointed out that evidence to justify dis- 
missal of the latter has not been located. 
Deposits mapped as Pinedale IV are present well within the 
confines of individual  U-shaped valley troughs, and separated 
from older Pinedale III  deposits by the existence of well devel- 
oped outwash aprons in close association with well  preserved 
terminal moraines.    Each Pinedale stade possesses a unique set 
of outwash-terminal moraine complexes, with those of the Pinedale 
IV designation occurring 4th in upvalley succession.    The glacial 
model  adopted for this thesis, advocates the presence of only 
three Pinedale stades, so quite possibly the deposits identified 
as Pinedale IV may be more correctly correlated with either the 
Pinedale III stade, or a separate younger, prealtithermal  inter- 
val.    However, these Pinedale IV deposits are clearly distinct 
from the Pinedale III stade, both in terms of valley position 
and size, but seem to be part of a gradational  decrease in ice 
activity from the Pinedale I through IV stades, and therefore not 
the products of a separate glaciation as is clearly the case with 
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the Neoglacial  deposits. 
Neoglacial Deposits 
Neoglacial  activity in the Copper Basin.(Plate I)  is evi- 
J 
denced by numerous rock glaciers (Fig.  12), protatus ramparts 
(Fig.  13), and extensive talus deposits (Fig.  14).    Cross-cutting 
and overriding relationships suggest multiple ages for their 
deposits, however this evidence was not documented in detail and 
all  deposits were grouped as undifferentiated rock glaciers or 
talus accumulations.    The climatic effects discussed for earlier 
glaciations were even more critical  in the formation of Neoglacial 
ice masses.    Not all cirques occupied by the Pinedale ice exhibit 
Neoglacial  facies, and all Neoglacial  deposits are restricted to 
high level, well  protected, locations. 
In general, the mapping of the glacial  deposits in the Copper 
Basin is complete but by no means absolute.    The location, extent, 
and character of all  deposits has been carefully documented and 
verified by extensive field investigation.    In the mapping of the 
deposits, the author has great faith; the age designations are 
more tenuous.    Physical evidence to support valley to valley cor- 
relations across the basin is usually lacking.    Distinction of 
the products of the three major glaciations is fairly straight- 
forward, however within each glaciation the outwash complexes 
sourced from the different stades are discontinuous and in many 
cases dissected by younger activities.    The structure of the basin 
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Figure 12. Well developed Neoglacial Rock Glacier 
at the head of Green Lake 1n Muldoon Canyon. 
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1s such that major terminal positions have been hiqhly altered 
by fluvial  dissection, rendering characteristic morphologic and 
stratigraphic relationships useless in many instances.    In most 
cases, age assignments are based on numerical  upvalley successions 
and not on concrete stratigraphic evidence 
The glacial  deposits of Anderson Canyon (Fig.  15 and Plate I) 
are the prototype for the entire basin, and clearly illustrate 
the complex relationship between the major glaciations, and stades 
within these glaciations.    The arcuate sharp crested Pinedale ter- 
minal  positions are readily discemable in most cases, but their 
discontinuous nature in the vicinity of the present Anderson Can- 
yon drainage reveals the problems of dissection by younger activ- 
i ti es. 
While there may be argument as to the exact position and 
proper age correlation for some of the glacial  deposits mapped, 
it should be clear that in most cases the deposits are distinctly 
different.    In particular, the products of the Pinedale and Bull 
Lake Glaciation are readily distinguishable, and should be so 
on the basis of qualities apparent in a quantitative as well as 
this qualitative analysis of these landforms. 
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Quantitative Analysis: Tools for the Distinction of Relative Age 
In almost all investigations, differentiation of glacial de- 
posits is best accomplished through detailed examination of dis- 
tinctive morphologic and stratigraphic associations, as just dis- 
cussed. There are numerous instances however, where deposits do 
not exhibit these characteristic associations, and their identi- 
fication would be greatly enhanced by the existence of quantifi- 
able parameters, not based on morphology or stratigraphy, that 
could be used to differentiate deposits. For these reasons, this 
portion of this thesis has attempted to identify a number of 
quantifiable variables which would aid future investigations in 
the area of quantitative assessment of relative age. The quan- 
tifiable parameters selected for investigation in this study were 
those whose development would be reflected in the alteration of 
surface eratics and formation of soils on the Pinedale and Bull 
Lake tills within the basin. 
Boulder Weathering 
Numerous workers (Porter, 1969b, 1975a; Carroll, 1974) have 
advocated the use of surface boulder features as criteria for 
age distinction, however these parameters were of limited use 
in the Copper Basin. The textural character of the diverse bed- 
rock lithologies (Fig. 3) sourcing the surface eratics at dif- 
fering locations in the basin were such that the use of three 
quantifiable weathering indicators: 
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1) percent of pitting on exposed boulder surfaces, 
2) maximum depth of pitting on exposed boulder 
surfaces and, 
3) maximum depth of weathering rinds developed on 
exposed boulders, 
varied so widely strictly as a function of local litho'logy as to 
render relative age assignments based on these parameters meaning- 
less. The igneous lithologies of the basin, while extremely use- 
ful as indicators of source area (Pasquini, 1976), exfoliated so 
rapidly that age designations based on small scale surface irregu- 
larities probably reflected age in hundreds, rather than thou- 
sands, of years. This exfoliation effect is clearly demonstrated 
in Figure 16. This coarse grained granite porphry sourced from 
Broad Canyon (Fig. 3) contains several more resistant fine grained 
quartz diorite inclusions. The boulder has v/eathered approxi- 
mately 20 cm (8 in.) since its deposition, and therefore measure- 
ments of surface irregularities on the order of 2-3 cm, do not 
reflect the actual age of this deposit, or aid in Bull Lake tills 
sourced from this bedrock. Internally, the coarse heterogeneous 
nature of this granite also precludes the use of weathering rind 
measurements as their thickness is extremely variable and directly 
related to the size of the crystals exposed at the boulder surface. 
Measurements of weathering features of surface eratics through- 
out the basin served no useful purpose, and were discontinued. 
Soil Development 
The differentiation and correlation of the products of 
Quaternary glaciations through the use of soil development has 
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Figure 16.    Example of the rapid exfoliation typical 
of granitic surface eratics.    This particular boulder 
sits on a Pinedale I lateral moraine near Ramey Creek, 
and 1s a coarse grained granite porphry with quartz 
diorite inclusions (dark mass that supports the ham- 
mer). 
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become fairly common in recent years. Soils have been used ex- 
tensively, Richmond, 1957, 1962a, 1964a; and Birkeland, 1973, as 
an aid to the subdivision of local glacial successions, to pro- 
vide information on the length of interglacial intervals, and to 
facilitate local and regional correlations throughout the Western 
United States. Quantitative examination of the pedogenic pro- 
perties of soils (development of texture and clay mineral suites) 
has been successfully utilized in several studies, Holmes and 
Moss, 1955; Birkeland and Janda, 1971; Stewart and Mickelson, 
1976; Mahaney, 1976 (in print), to differentiate glacial advances. 
In particular, these quantitative measurements have been ex- 
tremely useful in the interpretation of Meoglacial sequences, 
but considerable debate exists as to their usefulness in dis- 
tinguishing older glacial intervals (Madole, 1969). 
The genesis and diagenesis of soil texture and clay min- 
eralogies is influenced by several factors. At this time, the 
effects of all these factors and their interelationships are 
not clearly understood, hov/ever the Copper Basin is an excel- 
lent area for the study of pedogenic properties as a number of 
soil forming factors are essentially constant within the area 
and therefore have no effect on the promotion of pedogenic dif- 
ferences between deposits. 
Eighteen of the twenty one soil sites (Plate I) analyzed 
are encased within the 7200 and 7800 ft. contours, over which 
the climatic and vegetative soil forming factors could be re- 
54 
garded as essentially constant.    The climate is typical of an 
alpine semi-arid intramontane basin (Rice, 1971).    Rainfall is 
40-50 cm.  (16-20 in.) per year, averaging 46 cm.    Maximum pre- 
cipitation occurs during the winter months (Dec. - Jan.) aver- 
aging 5.3-5.6 cm.  (2.1-2.2 in.), during the summer months (Aug.- 
Sept.) rainfall averages only 0.5 cm. (0.2 in.) per month.    The 
mean annual air temperature is 6.4°C (43.5°F) with a July 
average of 20°C (68°F) and January average of -7.4°C (18.7°F). 
Vegetation is that of a Sagebrush Steppe Community (Knoll and 
Dort, 1973)  composed primarily of Artimeaia tridentata (big 
sage), Featuaa idahoensis  (Idaho fescue), Agropyron spiaatum 
(bluebunch wheatgrass) and scattered communities of Poa (sand- 
burg bluegrass) and Phlox (longleaf and Hood's phlox).    With 
these climatic and vegetative uniformities, it was anticipated 
that only the soil forming factors of parent material, time, 
and paleoclimatic fluxuations, would have caused and should have 
caused differences in soil  development within the Pinedale and 
Bull Lake deposits of the basin floor. 
The laboratory and field analyses of the pedogenic pro- 
perties investigated in the Copper Basin yielded a large and un- 
wieldy data matrix.    Previous investigations have been faced 
with similar preponderances of data, and as yet a satisfactory 
method of interpreting these results has not been presented in 
the literature.    In general, authors have been forced to base 
conclusions on observations not substantiated by statistical 
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treatments, and as such many conclusions are open to considerable 
debate. Borrowing techniques developed from the fields of marine 
sedlmentology and paleontology, this author attempted to avoid 
many of the problems of qualitative observation through the use 
of multivariant statistical treatments of all pedogenic data. 
Preliminary statistical analyses indicated that in order to 
gain any meaningful results from the statistical interpretations 
of soil profile data, profiles had to be subdivided into equi- 
valent categories. Profiles characterized by poorly developed 
profiles: BLE-1, PE-1, PE-4, PE-6, PE-7, PS-1, PW-4, PW-5, MC-1, 
MC-2, and MC-3; were segregated from those in which profiles were 
moderately to strongly developed: BLE-2, BLW-1, BLW-2, PE-2, 
PE-5, PW-1, PW-2, and PW-3. Data from the poorly developed pro- 
files was summarily withdrawn from further consideration. Mean- 
ingful trends which might have developed in these profiles were 
evidently so altered by external influences as to render their 
distinction impossible. These poorly developed horizons were 
not restricted to young deposits, and were in fact located on 
moraines of all ages, suggesting that these soils were not true 
relict soils, but that they had developed under the influence of 
localized erosional or colluvial effects. All further discussion 
of soils in this study are based upon the eight moderately deve- 
loped profiles, and not the eleven judged to be altered. 
All soils analyzed are calciorthids (Cca horizon present) 
or camborthids, where the calcic horizon is not developed at the 
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base of the sol urn (see Appendix I). Profiles are weakly to mod- 
erately developed, characterized by ochric epipedons, cambic "B" 
horizons, and in most cases a strongly effervescent Stage I 
(Birkeland, 1974) calcium carbonate accumulation at the base of 
the solum. In general, these soils are indicative of a poorly 
leached, closed chemical system (Buol, et al., 1973) typified by. 
high base saturation levels in the cambic horizons. 
Soil Texture 
Texturally, the basin soils are loams at the surface grading 
into sandy loams with depth. Statistical treatments indicate that 
textural variations show no stratigraphically or areally recog- 
nizable trends. Factors 2 and 3 (Fig. 17) indicate that sand (SD), 
silt (ST), and clay (C) percentages vary independently of depth. 
Cluster analyses of these factor results grouped individual sam- 
ples in a geologically meaningless manner. That is, statistical 
treatment of textural variations suggest that there are no sig- 
nificant textural variations within the soils sampled from the 
standpoint of either age (as assigned on morphologic criteria) or 
depth. Inspection of several typical profiles (Fig. 17) supports 
this conclusion. Replicate sample analyses further revealed that 
minor variations within individual samples (on the order of 2-3%) 
were not reproduceable and also not significant. A single profile 
(BLW-2, Appx. 1) is the lone exception and will be discussed later 
in this section * All other profiles show no significant textural 
variation with either depth or age. 
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Texture, as used in this sense, refers to texture defined 
as sand, silt and clay percentages, and as such is probably a 
rather Insensitive indicator of minor textural  variations.    Four 
profiles (BLE-2B, BLW-2, PE-5, and PW-3) were subjected to a 
complete (0 to 110, at 10 interval) granulometric analysis, to 
test this hypothesis.    The results (Appendix III) are similar 
to these for the gross sand, silt, clay ratios.    Except for the 
BLW-2 profile, there is no significant textural variation with 
either depth or age. 
Soil Clays 
Clay composition data yielded results similar to the tex- 
tural analyses.    All profiles in the basin are characterized by 
cambic B horizons, defined on the basis of the clay mineral alter- 
ation and color (Fig.  18)  rather than textural  (clay percentage) 
accumulation.    Clay mineral species are altering strongly, and 
are closely related to depth (Fig.  18, Factor 1).    However, com- 
positional  variations are not consistent with age.    The strong 
clay mineral alterations evident within any given profile (Fig. 
18) are not consistent within profiles of similar ages (Bull Lake 
vs. Pinedale) and therfore these clay mineral  alterations do not 
appear to be useful  as a means of differentiating glacial  deposits 
In short, neither textural or clay mineral alterations are useful 
as indicators of relative age in the Copper Basin. 
Clay Mineral Alteration 
Although not apparently useful  in the distinction of age, 
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^ 
clay mineral  trends (Figs.  19, 20, 21)  reveal  interesting aspects 
of the soil  forming environment on the basin floor.    Illite, 
chlorite, and montmorillonite dominate the clay mineral species 
of the basin.    Illite dominates surface horizons (Fig.  19)  and 
shows a strong tendency (r = 0.68)  to decrease rapidly with 
depth.    Montmorillonite (Fig.  20)  and chlorite (Fig. 21) show 
an inverse relationship with depth; increasing markedly with 
depth.    The low strength of the chlorite trend [r - 0.29; r = 0.23 
is the minimum value for significance (Snedecor and Cochran, 1967)] 
suggests that chlorite is not playing a strong role in the clay 
mineral  alteration.    Kaolinite, while not analyzed directly, is 
inversely related to the chlorite content (see Appendix 2)  and 
therefore decreases with depth.    However, kaolinite is never pre- 
sent in quantity in any sample, and makes a negligible contribu- 
tion to the clay fraction regardless of age or depth. 
Textural variations indicate    that there is no significant 
change in the total clay content accompanying these clay mineral 
alterations.    Clearly then, the change in clay species cannot be 
related to illuvial effects or airborne contributions and must 
therefore be occuring from in situ alteration.    Illite, appearing 
in high concentrations in surface horizons, is probably the 
product of intense mechanical breakdown of free soil micas weath- 
ered from the granitic lithologies present in the parent till. 
In the poorly leached high base saturation environment of the 
cambic B horizons, this illite is apparently chemically altering 
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y = 0.694-0.016x+0.01x2 
r=0.68 
% ILLITE 
Figure 19. Percent Illite vs. normalized depth for all "good" 
profiles. Plot reveals strong (r = 0.68) basin wide trend to 
decrease in Illite with depth, a trend that is apparently un- 
related to the age of the sample. 
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Figure 20.    Percent Montmorillonite vs. normalized depth for 
all  "good" profiles.    Plot reveals a relatively strong 
(r = 0.57) increase in Montmorillonite content depth through- 
out the basin, regardless of the age of the sample. 
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%CHL0RITE 
Figure 21. Percent Chlorite vs. normalized depth for all 
"good" profiles. Plot Indicates a weak (r ■ 0.29) increase 
in Chlorite with depth. This trend is probably due solely 
to Chlorite poor surface samples with Chlorite being essen- 
tially uniform with depth regardless of the age of the 
sample. 
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to montmorlllonlte.    Chlorite, not closely related to depth, is 
fairly uniform with depth, and probably primary in origin.    If 
ilUte 1s in fact altering to montmorillonite, then the change 
is from a physically larger clay species to a smaller one; a 
change that should be reflected in the fine clay fraction.    The 
detailed size analyses (Appendix 2) do not support this conten- 
tion, except for the BLW-2 profile. 
At this point in the investigation of the glacial geology 
of the Copper Basin, a multitude of questions have been answered, 
but a few are only partially resolved.    In almost all  cases, 
unanswered questions are directly related to the BLW-2 profile. 
In the light of the twenty other profiles analyzed, this BLW-2 
profile is clearly unusual.    This single profile best exhibits 
those characteristics commonly associated with age; well devel- 
oped structure, deep red color, compactness, and marked clay 
accumulation with depth.    Further, the clay mineral suite is 
dominated by montmorillonite (88% in deepest sample) with 28% of 
the total clay fraction (32% of total size fractions) concen- 
trated in the <110 fraction.    Conclusions based on a single pro- 
file are not warranted, but the situation is enigmatic.    This 
profile shows all the characteristics that it was hoped would be 
revealed by all Bull Lake soils, and further investigation may 
reveal that this profile was the only true Bull Lake profile 
sampled and that true Pinedale and Bull Lake soils are readily 
distinguishable     on the basis of both textural and clay mineral 
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variations. 
An alternate explanation for the apparent textural and clay 
mineral uniformities between Bull Lake and Pinedale soils is the 
possibility of terminal grade.    That is, the soil forming pro- 
cesses of the basin are so weak that the stage of development 
apparent in Pinedale profiles is the maximum that could be 
expected under the basin's soil  forming environment and therefore 
also reflected in Bull Lake soils.    Without further data, this 
terminal grade hypothesis cannot be completely dismissed, but 
as numerous authors (Madole, 1969; Mahaney, 1973a and b, 1976 
(in print)) have reported v/ell developed soils in soil  forming 
environments similar to the basin, it seems highly unlikely that 
terminal grade has been reached. 
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Conclusions 
The present topography of the Copper Basin, Idaho, is 
largely the product of three late Quaternary Glaciations.    A 
single exposure of an elevated bedded gravel may support an 
additional "Pre-Canyon" Glaciation, however this evidence is 
not conclusive.    The deposits of the three glaciations clearly 
In evidence, are tentatively correlated with classical  Rocky 
Mountain Glacial Model (Mears, 1974) as the Bull Lake (oldest), 
Pinedale (middle), and Neoglacial  (youngest) Glaciations. 
Poorly preserved outwash remnants suggest that there may have 
been two Bull Lake stades, however morainic evidence to support 
more than one Bull Lake interval is lacking.    Four arcuate 
terminal moraines sourcing well preserved terrace sets indicate 
that the Pinedale Glaciation in the basin consisted of 4 distinct 
stades.    The deposits of the youngest stade (Pinedale IV) may 
include deposits more correctly correlated with either the Pine- 
dale III stade, or a younger prealtithermal  interval.    Cross- 
cutting and overriding relationships in the Neoglacial deposits 
of the basin suggest more than one interval of cooling for this 
glaciation, however this evidence was not documented. 
From detailed analyses of till  deposited as a result of 
the Bull Lake and Pinedale Glaciations, certain conclusions may 
be drawn. 
1) Differentiation of complex lobal affinities and cross- 
67 
cutting relationships between the thirteen valley 
glaciers which developed during the major glacial 
intervals can be clearly delineated from the com- 
bined analysis of; 
a) morphologic character 
b) strati graphic associations 
c) detailed provenance investigations 
(Pasquini, 1976) 
2) Surface boulder weathering characteristics are of 
limited use in assessments of relative age on even 
a local  level, and of no use in the development of 
basin wide age correlations applicable to the dis- 
tinction of glacial deposits. 
3) The relict soils developed on till within the basin 
floor show no significant textural  variations with 
either age or depth. 
4) Strong clay mineral alterations are occuring through- 
out the basin floor, but show no consistent relation- 
ship to age.    Clay minerals are developing from in 
situ alteration, and not translocatlon from the sur- 
face.    IlUte dominates surface horizons, forming 
from the physical breakdown of free soil micas. 
Montmorillonite is forming at depth, from the chemical 
alteration of IIlite in a poorly leached cation rich 
environment.    Chlorite is fairly uniform with depth 
and is not playing a major role in the clay mineral 
alteration. 
5) Based on the localities sampled, Pinedale and Bull 
Lake tills cannot be differentiated on the basis of 
pedologic development. 
At this time a single quantitative parameter useful in 
the development of basin wide age correlations has not been iso- 
lated.    A number of variables have been shown to be meaningless 
1n the Copper Basin, and it is suggested that further research 
be directed towards a closer inspection of the pedologic pro- 
perties of the various glacial  deposits.    In particular, further 
laboratory research should focus attention on detailed (80 
through 140) physical and chemical analysis of the clay sized 
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fraction within the soils. Field work should concentrate on Bull 
Lake deposits, searching for soils similar to that exposed in the 
BLW-2 soil  pit of this study. 
<k 
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APPENDIX I 
Soil Profiles 
This appendix contains detailed descriptions of all soil 
profiles sampled. Observations are an integration of field 
logging and laboratory analyses (textural). Classification is 
according to the 7th Approximation (U.S.D.A., 1960). Descrip- 
tions utilize the nomenclature developed by the U.S.D.A. Soil 
Survey Staff (1950). 
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Profile:    BLE-1 
Age:    Bull Lake 
Location:    Corral  Creek; up valley advance from Star Hope Creek 
lobe; 7860 ft. 
Parent Material:    Till, mixed lithologies with limestone locally 
predominate. 
Classification:    Calciorthid 
Soil Horizons       Depth below Description 
surface (cm) 
01 0-1 
Al 0-9       Dark grayish brown (10 YR 4/2) 
fine clay loam; massive; sticky 
when moist. 
B2 (?)       9-40      Grayish brown (10 YR 5/2) loam; 
massive; loose, very gravelly 
composition. Angular and rounded 
cobbles. Poorly developed pro- 
file, could be colluvial deposit. 
Cca        40 
Cox 40-64 Stage I accumulation, violent 
reaction. CaC03 percentage in- 
creases with depth to Stage II. 
Light brownish gray (2.5 Y 6/2) 
sandy loam; massive and loose. 
Re (?) 64-95+ Stage II CaC03.    Light gray (2.5 
Y 7/2) coarse sandy loam.    Pos- 
sibly, highly calcareous unweath- 
ered till.    Massive, very loose 
and stony. 
Sampling:    [No. - depth (cm)] 
#1 - 6 
#2 - 15 
#3 - 30 .     . 
#4 - 45 
#5 - 60 
#6 - 75 
#7 - 90 
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Profile:    BLE-2 
Age:    Bull Lake 
Location:    Potholes, north of Copper Basin Flats; 8000 ft. 
Parent Material:    Till, mixed lithologies, Lake Creek intrusive 
Classification:    Camborthid 
Soil Horizons 
01 
A2 
Bl 
Depth below 
surface (en) 
0-3 
0-14 
14-52 
B2 52-143+ 
Sampling: [No. - depth (cm)] 
#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
8 
14 
29 
44 
59 
74 
89 
104 
Description 
Dark grayish brown (10 YR 
fine sandy loam; massive, 
sticky when moist. 
4/2) 
slightly 
Yellowish brown (10 YR5/4) sandy 
loam. Poorly developed crumb 
peds (<50 mm) are present. 
Matrix is quite sandy, and cobbles 
are not highly weathered. Grada- 
tion to B2 horizon is diffuse. 
Light yellowish brown (10 YR 5/4) 
loam. Large (50-150 mm) subangular 
porous peds are moderately well 
developed. Size may be due in part 
to moisture content. Obvious in- 
crease in weathering effects from 
above, coarse grain clasts are 
completely grusified. No CaC03 
encountered at any depth. 
(Replicate samples taken from opposite side of pit) 
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Profile:    BLW-1 
Age:    Bull Lake 
Location: Ramey Creek Flats near head of Fox Creek; 8260 ft. 
Parent Material: Till, mixed lithologies, Broad Canyon intrusive 
Classification: Camborthid 
Soil Horizons 
01 
Al 
B2 
Depth below 
surface (cm) 
0-3 
0-12 
12-125 
Cox 125H 
Sampling: [No. - depth (cm)] 
#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
7 
16 
31 
46 
61 
76 
91 
106 
121 
Description 
Brown (10 YR 4/3) very fine sandy 
loam; massive and slightly sticky 
when moist. 
Brown (7.5 YR 5/4) to reddish 
brown (5 YR 5/4) sandy loam. 
Moderate structure (5-200 mm) 
subangular porous peds are dev- 
eloped at depth, however, struc- 
ture is dominated by indistinct 
boulder ghosts (granitic).    Soil 
is moderately compact, but very 
friable and non-sticky. 
Diffuse boundary with above, no 
Cca encountered however, material 
is lighter (10 YR 6/4).    Coarse 
loamy sand, massive and loose at 
depth. 
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Profile:    BLW-2 
Age:    Bull Lake 
Location:    Top of Challis Knobs near Road Creek; 8100 ft. 
Parent Material:    Till, mixed lithologies, Broad Canyon intrusive 
Classification:    Calciorthid 
Soil Horizons 
01 
Al 
B2t 
Depth below 
surface (cm) 
0-1 
0-8 
8-53 
Cca 53 
Sampling: [No. - depth (cm)] 
#1 
#2 
#3 
#4 
8 
20 
35 
50 
Description 
Light brownish gray (10 YR 6/2), 
fine sandy loam; massive and 
slightly sticky when wet. 
Reddish brown (5 YR 5/3) sandy 
clay loam. Soil is extremely 
compact and probably over con- 
solidated. Well developed 
prismatic peds (4-5 cm) are 
present. Soil is not very stony» 
and granite cobbles present are 
not completely grusified, however, 
red color is well developed, and 
soil is noticeably clayey. 
Stage I accumulation, strong 
reaction, possibly this CaCOj 
layer is secondary in this highly 
indurated profile, with the rest 
of the B horizon extending down 
to a much deeper level. 
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Profile:    PE-1 
Age:    Pinedale II 
Location:    Potholes near Willow Springs; 7620 ft. 
Parent Material:    Till, mixed lithologies 
Classification:    Calciorthid 
Soil Horizons 
01 
Al 
B2 
Depth below 
surface (cm) 
.0-3 
0-8 
8-41 
Cca 
Cox 
41 
41-56n 
Sampling:    [No. - depth (cm)] 
#1 - 5 
#2 - 16 
#3 - 29 
#4 - 44 
Description 
Dark grayish brown (10 YR 4/2) 
loam; slightly sticky when wet. 
Brown (10 YR 4/3) loamy sand, 
massive structure friable when 
moist. Horizon boundaries are 
clear. 
Stage I carbonate accumulation. 
Violent reaction with HC1. 
Light brownish gray (2.5 Y 6/2) 
extremely cobbly (well-rounded) 
sand. Till, but could be re- 
worked outwash deposits. 
84 
Profile:    PE-2 
Age:    Pinedale I 
Location:    Pinedale I terminal 
7620 ft. 
position near mouth of Basin; 
Parent Material: Till, mixed lithologies 
Classification: Calciorthid 
Soil Horizons Depth below 
surface (cm) 
Description 
01 0-2 
Al 0-13 Dark grayish brown (10 YR 4/2) 
silty loam. 
B2 13-85 Light grayish brown (2.5 Y 6/2) 
fine sandy loam.    Weakly devel- 
,    oped crumb (1-2 mm) peds present. 
Soil is fairly compact but fri- 
able and non-sticky when moist. 
Soil is quite stony, but notice- 
ably fresher than older sites, 
however, the difference may be 
due to a lack of granitic cob- 
bles rather than age. 
Stage I accumulation; violent 
reaction with HC1. 
Light olive brown (2.5 Y 5/4) 
sandy loam.    Loose, massive 
non-sticky. 
Cca 85 
Cox 85-110+ 
Sampling: [No. - depth (cm 
#1  - 8 
#2 - 20 
#3 - 35 
#4 - 50 
#5 - 65 
#6 - 80 
#7 - 95 
85 
Profile:    PE-4 
Age:    Plnedale I 
Location:    Outer Pinedale potholes near the east fork of the 
Big Lost River; 7860 ft. 
Parent Material:    Till, mixed lithologies, Lake Creek intrusive 
Classification:    Camborthid 
--< 
Soil Horizons 
01 
Al 
Cox (?) 
Depth below 
surface (cm) 
0-1 
0-18 
18-58 
581 
Sampling:    [No. - depth (cm)] 
#l 
#2 
#3 
#4 
#5 
10 
19 
29 
45 
107 
Description 
Dark brown (10 YR 3/3) fine 
sandy loam; massive and non- 
sticky when moist. 
Light brownish gray (2.5 Y 6/2) 
sandy loam.    Poorly developed 
peds (2-3 mm) are apparent, but 
close inspection (lack of clay 
skins) suggests that they are 
developed more as a function of 
moisture content and compaction 
than clay accumulation.    Soil 
is generally quite stony and 
non-sticky.    Horizons are dif- 
fuse.    No CaC03 is present at 
any depth. 
Light gray (2.5 Y 7/2) sandy 
loam.    Massive, non-sticky and 
very stony.    Textural differen- 
tiation with Cox is indistinct. 
Separation is based on a lack 
of weathered products in evi- 
dence in the lower horizon. 
86 
Profile:    PE-5 
Age:    Plnedale I 
Location:    Top of potholes, near Lake Creek Canyon; 8430 ft. 
Parent Material:    Till, mixed Hthologies, Lake Creek intrusive 
Classification:    Calciorthid 
Soil Horizons       Depth below Description 
surface (cm) 
01 0-3 
Al 0-15 Grayish brown (10 YR 5/2) fine 
sandy loam; massive; non-sticky. 
B2 15-71 Brown (10 YR 5/3) sandy loam. 
Poorly developed structure, 
small  (1-3 mm) porous ped ap- 
parent at depth, but general 
profile is massive.    Moderately 
to very stony; relatively small 
amounts of sand matrix.    Cobbles 
are fresh or slightly weathered, 
and generally fresher than in 
other Pinedale I soils. 
Stage I accumulation, violent 
reaction. 
Pale brown (10 YR 6/3) sandy 
loam; massive; loose; very stony, 
Cca 71 
Cox 71-95+ 
Sampling:    [No. - depth (cm)] 
#1-9 
#2 - 20 
#3 - 35 
#4 - 50 
#5 - 65 
#6 - 80 
87 
Profile:    PE-6 
Age:    Pinedale II 
Location:    Below main potholes, near mouth of Lake Creek Canyon; 
8200 ft. 
Parent Material:    Till, mixed lithologies, Lake Creek intrusive 
Classification:    Camborthid 
Soil Horizons 
01 
Al 
B2 (?) 
Depth below 
surface (cm) 
0-1 
0-7 
7-45 
Cca 45 
Sampling:    [No. - depth (cm)] 
#2-13 
#3 - 28 
#4 - 43 
Description 
Dark grayish brown (10 YR 4/2) 
loam; massive slightly sticky 
when moist. 
Light brownish gray (2.5 Y 6/2) 
sandy loam.    Structure is very 
poor if developed at all.    Minor 
development of porous crumbs 
(1-2 mm) at depth.    Soils is 
very stony, evidence of cobble 
weathering is lacking.    Profile 
could be A-Cox. 
Stage I accumulation, violent 
reaction. 
88 
Profile:    PE-7 
Age:    Pinedale I 
Location:    Star Hope Lobe at mouth of Corral Creek; 7770 ft. 
Parent Material: Till, mixed Hthologies. 
Classification: Calciorthid 
Soil Horizons Depth below 
surface (cm) 
Description 
01 0-2 
Al 0-15 Dark gray ish brown (1( 
loam; massive; slightly sticky 
when wet. 
B2 (?) 15-68 Light olive brown (10 YR 5/4) 
sandy loam.    Massive, basically 
unweathered, and very loose. 
Could be Bl or Cox horizon. 
Cca 68 Stage I accumulation, violent 
reaction. 
Sampling:    [No. - depth (cm)] 
#2 - 17 
#3 - 32 
#4 - 47 
#5 - 62 
89 
Profile:    PS-1 
Age:    Pinedale I 
Location:    Post moraine, mouth of basin; 7480 ft. 
Parent Material:    Till, mixed lithologies 
Classification:    Calciorthid 
Soil Horizons       Depth below Description 
surface (cm) 
01 0-2 
Al 0-10 Grayish brown (10 YR 5/2) loam; 
massive; slightly sticky when 
moist. 
B2 10-42 Yellowish brown (10 YR 5/4) 
sandy loam.    Very stony. 
Structure is generally massive 
although poorly developed crumb 
(<3 mm) seem to develop with 
depth.    Horizons are clear. 
Cca 42 Stage I accumulation, strong 
reaction with HC1. 
Cox 42-57+ Light yellowish brown (2.5 Y 6/4) 
Massive and very cobbly loamy 
sand.    Well rounded cobbles pro- 
bably is reworked outwash. 
Sampling:    [No. - depth (cm)] 
#1  - 5 
#2-10 
#3 -  15 
#4-33 
#5 - 48 
90 
Profile;    PW-1 
Age:    Plnedale I 
Location:    Outer Pinedale, near Ramey Creek Flats; 8210 ft. 
Parent Material;    Till, mixed lithologies, Broad Canyon intrusive 
Classification;    Calciorthid 
Soil Horizons       Depth below Description 
surface (cm) 
01 0-3 
Al 0-16 Dark grayish brown (10 YR 4/2) 
very fine sandy loam; massive; 
slightly sticky when wet. 
B2 16-98 Light brown (7.5 YR 6/4) sandy 
loam.    Moderate structure 
developed; subangular blocky 
(50-150 mm) porous peds are 
present.    Soil is moderately com- 
pact, and slightly sticky when 
moist.    Horizons are distinct, 
however, entire Bt is remarkably 
uniform and pebble free. 
Cca 98. Stage I, violent reaction. 
Cox 98-163 Light yellowish brown (10 YR 6/4) 
coarse loam.    Loose, massive 
texture, unweathered granites 
encountered at bottom. 
Sampling:    [No. - depth (cm)] 
#1-6 
#2 - 16 
#3-31 
#4 - 46 
#5-61 
#6-76 
#7-91 
(Replicate of all samples taken from opposite side of pit) 
91 
Profile:    PW-2 
Age:    Pinedale II 
Location:    Terminal position at head of Road Creek; 7780 ft. 
Parent Material:    Till, mixed Hthologies, Broad Canyon intrusive 
Classification:    Calciorthid 
Soil Horizons       Depth below Description 
surface(cm) 
01 3 
Al 0-20 Grayish brown (10 YR 5/2) fine 
grained loam; massive; slightly 
sticky when wet; thicker than 
usual. 
B2 20-117 Light brown (7.5 YR 6/4) sandy 
loam.    Weakly developed porous 
peds (2-20 mm) developing with 
depth.    Structure is slightly 
compact, and slightly sticky 
when moist.    Noticeable absence 
of coarse granular texture 
found in older soils. 
Cca 117 Stage I, violent reaction with 
HC1. 
Cox 117+ Differentiation is based solely 
on Cca horizon.    Any textural 
gradation from Bt is diffuse. 
Sampling:    [No. - depth (cm)] 
#1 - 10 
#2-20 
#3-25 
#4-40 
#5-55 
#6-70 
#7 - 85 
#8 - 100 
#9 - 115 
92 
Profile;    PW-3 
Age:    Pinedale I 
Location:    Outer Pinedale above Road Creek; 7920 ft. 
Parent Material:    Till, mixed lithologies, Broad Canyon intrusive 
Classification:    Calciorthld 
Description Soil Horizons 
01 
Al 
Bl 
Depth below 
surface (cm) 
0-2 
0-14 
14-55 
B2 55-112 
Grayish brown (10 YR 5/2) fine 
sandy loam; massive; slightly 
sticky when moist. 
Light yellow brown (10 YR 6/4) 
crumbly poorly developed struc- 
ture; non-sticky; coarser 
matrix than Bt.    Horizons are 
diffuse. 
Brownish yellow (10 YR 6/6) 
sandy loam.    Structure is 
moderately compact; subangular 
blocky (50-75 mm) peds are 
present.    Matrix is more clayey 
than above, and slightly sticky 
when moist. 
Cca 112 Stage I; violent reaction with 
HC1. 
Sampling:    [No. - depth (cm)] 
#1 - 8 
#2 - 19 
#3 - 34 
#4-49 
#5 - 64 
#6 - 79 
#7 - 94 
#8 - 109 
93 
Profile:    PW-4 
Age:    Pinedale III 
Location:    Lake Creek Lobe, near confluence of Howell and Star 
Hope Creeks; 7730 ft. 
Parent Material:    Till, mixed Hthologies, Lake Creek intrusive 
Classification:    Calciorthid 
Description Soil Horizons 
01 
Al 
B2 (?) 
Depth below 
surface (cm) 
0-2 
0-9 
9-62 
Cca 62 
Sampling: [No. - depth (cm)] 
#1-5 
#2 - 16 
#3 - 31 
#4 - 46 
#5 - 61 
Grayish brown (10 YR 5/2) fine 
loam; massive; slightly sticky 
when moist. 
Light brownish gray (2.5 Y 6/2) 
sandy loam. Massive, non- 
sticky, poorly developed struc- 
ture (1-2 mm) may be present at 
depth, but seem to be a function 
of moisture content than clay. 
Very cobbly soil, no evidence of 
weathering at any depth. 
Stage I, strong reaction to HC1. 
94 
Profile:    PW-5 
Age:    Pinedale II (?) 
Location:    Mouth of Howell Canyon near Loop Road; 7720 ft. 
Parent Material Till; primarily granitic and volcanic but 
mixed Hthologies are present, Broad Canyon 
intrusive 
Classification:    Camborthid 
Soil Horizons 
01 
Al 
B2 
Depth below 
surface (cm) 
0-3 
0-12 
12-84+ 
Sampling: [No. - depth (cm)] 
#1-5 
#2 - 20 
#3 - 35 
#4 - 50 
#5 - 65 
#6 - 80 
Description 
Dark grayish brown (10 YR 4/2) 
sandy loam; massive; slightly 
sticky when moist. 
Light brownish gray (2.5 Y 6/2) 
loam; matrix is silty. Soil 
is fairly compact with structure; 
(50 mm) subangular peds poorly 
developed. Transitions are 
gradual, with no internal hori- 
zons developed. No CaC03 was 
encountered at any depth. 
95 
Profile: MC-1 
Age: Pineda!e IV 
Location: Muldoon Canyon; 8600 ft. 
Parent Material: Till, volcanic and clastic sources. 
Classification: Cyrochrepts (?)* 
Soil Horizons   Depth below Description . 
surface (cm) 
01 0-2 
Al 0-11 Dark grayish brown (10 YR 4/2) 
loam; massive but very stony. 
Cox 11-28 Light brownish gray (2.5 Y 6/2) 
sandy loam.    Massive, extremely 
cobbly with little matrix pre- 
sent; no evidence of weathering 
on cobble surfaces.    Transitions 
are gradual. 
R 28+ Olive yellow (2.5 Y 6/6).    No 
CaC03 present, very stony and 
loose. 
Sampling:    [No. - depth (cm)] 
#1-5 
#2-20 
* - probable alassification is due to inferred, rather than 
factual, soil temperature data. 
96 
Profile: MC-2 
Age: Pinedale IV 
Location: Muldoon Canyon; 8560 ft. 
Parent Material: Till, clastic sources 
Classification: Cryochrepts (?) 
Soil Horizons   Depth below Description 
surface (cm) 
01 0-2 
Al 0-9 Brown (10 YR 4/3) silty loam; 
massive but very stony with 
little matrix. 
Cox 9-24 Light brownish gray (2.5 Y 6/2) 
sandy loam; massive but very 
strong with little matrix; 
unweathered; transitions are 
gradual. 
R 24+ Olive yellow (2.5 Y 6/6).    No 
CaC03 present, very stony and 
loose. 
Sampling:    [No. - depth (cm)] 
#1-5 
#2-20 
97 
Profile;    MC-3 
Age:    Pinedale IV 
Location:    Muldoon Canyon at the Springs; 8260 ft. 
Parent Material:    Till; volcanic and clastic sources. 
Classification;    Cryochrepts (?) 
Soil Horizons       Depth below Description 
surface (cm) 
01 0-3 
Al 0-14 Grayish brown (10 YR 5/2)  loam; 
massive; noticeably silty matrix. 
Cox 14-34 Light yellowish brown (10 YR 6/4) 
sandy loam. Massive, but more 
matrix is present than MC-1 or 
MC-2 transitions are clear. 
R 34+    • Olive yellow (2.5 Y 6/6) loamy 
sand.    Massive, loose, and very 
stony. 
Sampling:    [No. - depth (cm)] 
#1-5 
#2 - 20 
#3-40 
98 
APPENDIX II 
Laboratory Results 
This appendix contains the tabulated results of the labora- 
tory analyses of the 121 soil samples collected in the field. 
Investigations considered the clay mineralogies and texture of 
those samples.    The abbVeviations used in the column headings 
translate as; 
(ML 
5.5A  - Percentage of Montmorillonite with diagnostic 
glycolated diffraction spacing 
(C)
 I" 6.75A     -    Percentage of Chlorite with diagnostic glyco- 
lated diffraction spacing 
(I)
* 9.0A   - Percentage of IIlite with diagnostic glycolated 
diffraction spacing 
(K/CH) 
12.5A     -    Percentage of grouped Kaolinite/Chlorite with 
diagnostic glycolated diffraction spacing 
Depth 
(abs)      -    Absolute 
(norm) - Normalized 
% SD. - Percentage of sand 
% ST - Percentage of silt 
% CY - Percentage of clay 
as defined in 
Methods section 
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APPENDIX III 
Detailed Size Analysis 
This appendix contains the tabulated results of the detailed 
size analysis (00 through 110, at 10 Intervals) of four selected 
profiles. Not all "good" profiles were subjected to this detailed 
analysis, as the intent was to test whether the gross, sand, silt, 
clay percentages given in appendix II were insensitive to minor 
textural variations. 
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Plate I 
The Glacial Geology 
of the 
Copper Basin, 
Custer County, Idaho 
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Appendix IV 
V1ta 
William Clark Wigley was born September 5, 1952 in Latrobe, 
Pennsylvania; the third of five children born to Jane S. and 
William D. Wigley. 
Mr. Wigley attended public elementary schools in Santa 
Paula, California, and graduated from Santa Paula Union High 
School on June 13, 1970.    He entered the Engineering College of 
Lehlgh University in September, 1970, receiving a B.S.  in Civil 
Engineering on May 26, 1974.    While an undergraduate at Lehigh 
University, Mr. Wigley was the recipient of a four year Army 
ROTC scholarship, and was commissioned a second lieutenant 1n 
the U.S. Army Corps of Engineers upon graduation. 
Lt. Wigley was subsequently awarded a U.S. Army Graduate 
Fellowship, and entered graduate school in the field of 
Geological Sciences at Lehigh University on June 1, 1974. 
Lt. Wigley is an associate member of the American Society 
of C1v1l Engineers, the Geologic Society of America, and the 
Lehigh Chapter of the Society of the Sigma Xi.    He currently 
holds an E.I.T.  (Engineer in training) status and plans on 
becoming a Professional Engineer while on assignment with the 
Army Corps of Engineers in the Panama Canal Zone. 
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